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(57) ABSTRACT

In a spark plug for an internal combustion engine, a dis-
charge gap 1s formed between a central electrode and a
ground electrode 1n an axial direction of the spark plug. An
insulator of a cylindrical shape has an axial hole and an
insulator front end part. The axial hole 1s formed in the
insulator, into which the central electrode 1s arranged and
supported. The msulator front end part projects turther
toward a front side of the insulator 1n the axial direction of
the spark plug than a location of an opening part formed at
a front end side of the axial hole. The discharge gasp 1is
formed in an auxiliary combustion chamber. The outer
peripheral side of the auxiliary combustion chamber 1s
covered with the msulator front end part.
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SPARK PLUG OF INTERNAL COMBUSTION
ENGINEL

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s related to and claims prionty from
Japanese Patent Application No. 2018-180551 filed on Sep.
26, 2018, the contents of which are hereby incorporated by
reference.

TECHNICAL FIELD

The present disclosure relates to spark plugs of internal
combustion engines.

BACKGROUND

Spark plugs are widely used as 1gnition means for deliv-
ering electric current from an 1gnition system to a combus-
tion chamber of an internal combustion engine, a cogenera-
tion system, etc. to 1gnite a compressed fuel/arr mixture by
an electric spark.

Patent document 1, Japanese laid open publication No.
2018-06304 discloses a spark plug having a structure in
which a discharge gap 1s covered with a plug cover so as to
form an auxiliary combustion chamber 1nside the plug cover.
An electrical spark 1s generated in the discharge gap of the
spark plug.

In the spark plug having the structure previously
described, a compressed fuel/air mixture 1 a combustion
chamber of the internal combustion engine 1s also supplied
to the auxiliary combustion chamber through an injection
hole formed 1n the plug cover. After this, an electrical spark
1s generated 1n the discharge gap so as to ignite the com-
pressed fuel/air mixture 1n the auxiliary combustion cham-
ber. This generates a flame jet and supplies the generated
flame jet into the combustion chamber of the internal
combustion engine through the 1njection hole formed in the
plug cover.

However, 1n the structure of the spark plug disclosed in
patent document 1, metal members, for example, the plug
cover and a housing which form the auxiliary combustion
chamber absorbs thermal energy of a flame when the flame
1s generated 1n the auxiliary combustion chamber. This
phenomenon inhibits generation of the flame jet. Accord-
ingly, there 1s a demand of improving the structure of the
spark plug in view of ignitability by the spark plug.

SUMMARY

It 1s desired for the present disclosure to provide a spark
plug having a central electrode, a ground eclectrode, an
insulator, and an auxiliary combustion chamber. A discharge
gap 1s formed between the central electrode and the ground
clectrode 1n an axial direction of the spark plug. The
insulator has a cylindrical shape. The insulator has an axial
hole and an nsulator front end part. The axial hole 1s formed
in the msulator, into which the central electrode 1s arranged
and supported. The insulator front end part projects toward
a front side of the 1msulator 1n the axial direction of the spark
plug than an opening part formed at a front end side of the
axial hole. The discharge gap 1s arranged in the auxiliary
combustion chamber. The 1nsulator front end part covers the
auxiliary combustion chamber from an outer radial side of
the auxiliary combustion chamber.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

A preferred, non-limiting embodiment of the present
disclosure will be described by way of example with refer-
ence to the accompanying drawings, 1n which:

FIG. 1 1s a front view showing a partial cross section of
a spark plug according to a first exemplary embodiment of
the present disclosure;

FIG. 2 1s a view showing an enlarged cross section around
a front end part of the spark plug according to the first
exemplary embodiment shown i FIG. 1;

FIG. 3 1s a view showing a cross section of the spark plug
along the line III-III shown i FIG. 2;

FIG. 4 1s a view showing a cross section explaining a step
ol assembling an insulator body supported by a spark plug
housing with an insulator cover together 1n the spark plug
according to the first exemplary embodiment;

FIG. 5 1s a view showing a cross section explaining a step
of assembling the housing and the insulator supported by the
housing with the plug cover and a ground electrode in the
spark plug according to the first exemplary embodiment;

FIG. 6 1s a view showing an enlarged cross section around
the front end part of the spark plug according to a second
exemplary embodiment of the present disclosure;

FIG. 7 1s a view showing a cross section of the spark plug
along the line VII-VII shown 1n FIG. 6;

FIG. 8 1s a view showing an enlarged cross section of the
front end part of the spark plug, which 1s perpendicular to the
ground electrode 1n the spark plug according to the second
exemplary embodiment;

FIG. 9 1s a view showing an exploded cross section of the
insulator i the spark plug according to the second exem-
plary embodiment;

FIG. 10 1s a view showing an exploded cross section
around the front end part of the spark plug according to a
first modification of the second exemplary embodiment;

FIG. 11 1s a view showing a cross section around the front
end part of the spark plug according to the first modification
of the second exemplary embodiment;

FIG. 12 1s a view showing an enlarged cross section
around the front end part of the spark plug according to a
second modification of the second exemplary embodiment;

FIG. 13 1s a view showing a cross section of the spark
plug along the line XIII-XIII shown 1n FIG. 12;

FIG. 14 1s a view showing an enlarged cross section
around a front end part of the spark plug according to a third
exemplary embodiment of the present disclosure;

FIG. 15 15 a view showing the front end of the spark plug
according to the third exemplary embodiment of the present
disclosure:

FIG. 16 1s a view showing an exploded cross section of
the 1nsulator 1n the spark plug according to the third exem-
plary embodiment; and

FIG. 17 1s a view showing an enlarged cross section
around a front end part of the spark plug according to a
fourth exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

Heremafiter, various embodiments of the present disclo-
sure will be described with reference to the accompanying
drawings. In the following description of the wvarious
embodiments, like reference characters or numerals desig-
nate like or equivalent component parts throughout the
several diagrams.
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First Exemplary Embodiment
A description will be given of the spark plug according to

the first exemplary embodiment of the present disclosure
with reference to FIG. 1 to FIG. 3.

FIG. 1 1s a front view showing a partial cross section of 5

the spark plug 1 according to the first exemplary embodi-
ment of the present disclosure.

As shown 1n FIG. 1, the spark plug 1 according to the first
exemplary embodiment has a central electrode 11, a ground
clectrode 2 and an insulator 3, an auxiliary combustion
chamber 12. The ground electrode 2 and the central elec-
trode 11 form a discharge gap G. In other words, the
discharge gap G 1s formed between the ground electrode 2
and the central electrode 11.

The insulator 3 has an axial hole 30. The central electrode
11 1s supported 1nside the axial hole 30. The insulator 3 has
a cylindrical shape. The discharge gap G 1s formed at the
inside of the auxiliary combustion chamber 12.

The msulator 3 has an insulator front end part 31 which
projects toward the front end side of an opening part 300
formed at the front end side of the axial hole 30.

The insulator front end part 31 of the insulator 3 1s formed
to cover the auxiliary combustion chamber 12 from the outer
radial side of the auxiliary combustion chamber 12.

The spark plug 1 1s used as 1gnition means for delivering
electric current from an i1gnition system to a combustion
chamber of an internal combustion engine (not shown) to
1gnite a compressed fuel/air mixture by an electric spark. For
example, 1t 1s possible to mount the spark plug 1 on motor
vehicles, cogeneration systems, etc.

In a axial direction Z of the spark plug 1, one end of the
spark plug 1 1s electrically connected to an 1gnition coil (not
shown), and the other end of the spark plug 1 1s arranged
inside a combustion chamber 14 of an internal combustion
engine.

Through the description of the first exemplary embodi-
ment, the axial direction X of the spark plug 1 1s in parallel
with the central axis C of the spark plug 1. The connection
node between the spark plug 1 and the 1gnition coil (not
shown) 1s arranged at a distal end side of the spark plug 1.
The spark plug 1 1s arranged 1n the combustion chamber 14
at the front end side of the spark plug 1. A radial direction
of the spark plug 1 1s perpendicular to the axial direction Z
of the spark plug 1.

The insulator 3 has a cylindrical shape made of alumina,
for example. That 1s, the insulator 3 has a rotating body
rotating around the central axis C of the spark plug 1. The

axial hole 30 1s formed at the center part of the spark plug
1 and the axial hole 30 extends toward the axial direction 7
of the spark plug 1. As shown in FIG. 1, the axial hole 30
1s open at both ends thereof along the axial direction 7. An
inner diameter at the front end side of the axial hole 30 1s
smaller than an iner diameter at the distal end side of the
axial hole 30. The central electrode 11 1s supported by a step
part 301 of the isulator 3.

FIG. 2 1s a view showing an enlarged cross section around
the front end part of the spark plug 1 according to the first
exemplary embodiment shown i FIG. 1. As shown 1n FIG.
1 and FIG. 2, the msulator 3 has an insulator front end part
31 which projects to the front end side of the opening part
300 formed at the front end side of the axial hole 30.

As shown in FIG. 2, the insulator front end part 31 1s
formed up to a front side of the discharge gap G. That 1s, the
insulator front end part 31 surrounds the discharge gap G
from the outer radial side of the discharge gap G. In other
words, the discharge gap G 1s surrounded by the insulator
front end part 31. The insulator front end part 31 1s formed
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4

around the auxihiary combustion chamber 12 and the front
end side of the msulator front end part 31 1s closed. In other
words, as shown 1n FIG. 1 and FIG. 2, the insulator front end
part 31 of the insulator 3 surrounds the overall auxiliary
combustion chamber 12. The auxiliary combustion chamber
12 1s covered with the insulator front end part 31 arranged
at the front end side of the spark plug 1. In other words, the
inside of the mnsulator front end part 31 forms the auxiliary
combustion chamber 12.

The auxiliary combustion chamber 12 is separated from
the combustion chamber 14. As shown in FIG. 2, the
auxiliary combustion chamber 12 surrounds the discharge
gap G. The auxiliary combustion chamber 12 communicates
with the combustion chamber 14 located at the outside of the
spark plug 1 through a plurality of cover injection holes 521
and a plurality of insulation injection holes 313a (which will
be explained later).

The 1nsulator front end part 31 i1s formed to cover the
interior surface of the spark plug housing 4 (which will be
explained later) and the interior surface of the plug cover 5.
The spark plug housing 4 and the plug cover 5 are arranged
not facing the auxiliary combustion chamber 12.

As shown 1n FIG. 2, the msulator front end part 31 has a
first part 311, a second part 312 and a third part 313 which
are arranged 1n order viewed from the distal end side of the
insulator front end part 31.

The first part 311 1s formed at the distal end side of the
insulator front end part 31. The first part 311 has a structure
in which an inner peripheral surface 311a thereof extends
outwardly to the outer radial side of the first part 311. The
inner peripheral surface 311a of the first part 311 1s curved
toward the outer radial side of the first part 311.

As shown 1n FIG. 1 and FIG. 2, the second part 312 of the
insulator front end part 31 has a cylindrical shape along the
axial direction Z. As shown i FIG. 2, the discharge gap G
1s arranged substantially at the middle part of the second part
312 1n the axial direction Z of the spark plug 1. The front part
of the second part 312 1s located further towards the front
end side of the spark plug than the discharge gap G.

As shown 1n FIG. 2, the third part 313 of the insulator
front end part 31 1s arranged to cover the front part of the
second part 312. The third part 313 has a hemispherical
shape expending toward the front end side of the spark plug
1. A plurality of insulator injection holes 313a are formed 1n
the third part 313.

FIG. 3 1s a view showing a cross section of the spark plug
1 along the line III-III shown 1n FIG. 2. As shown in FIG.
3, the plurality of imnsulator injection holes 3134 are arranged
at regular intervals 1 a circumierential direction of the
insulator front end part 31. As shown in FIG. 2, each of the
insulator 1ijection holes 313q 1s arranged toward the outer
radial side of the insulator front end part 31 along the front
end side of the spark plug 1.

As shown 1n FIG. 2, the mnsulator 3 1s composed of an
insulator body 33, an insulator cover 34 and the insulator
front end part 31. The 1nsulator cover 34 1s assembled with
the 1nsulator body 33 together.

The 1nsulator body 33 1s formed by the front end to the
distal end of the first part 311 of the isulator front end part
31. The isulator cover 34 1s formed by the second part 312
and the third part 313 of the insulator front end part 31.

The msulator body 33 and the insulator cover 34 are
arranged so that the front end part of the first part 311 of the
insulator body 33 i1s joined with the distal end part of the
second part 312 of the insulator cover 34.

In the structure 1n which the spark plug housing 4 and the
plug cover 3 are assembled with the insulator 3 together, the
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inner surface of the plug cover 5 1s covered with the
insulator cover 34, and the insulator cover 34 1s positioned
by the plug cover 5. It 1s also acceptable to join a butt joint
part of the insulator body 33 and a butt joint part of the
insulator cover 34 together by using an adhesive so as to fix
them together.

The spark plug housing 4 has a cylindrical shape. The
insulator 3 1s supported 1nside the spark plug housing 4 so
that the distal end part of the insulator 3 projects from the
spark plug housing 4 and the front end part of the insulator
also projects from the spark plug housing 4.

As shown 1n FIG. 1 and FIG. 2, the spark plug housing 4
has a mounting screw part 41 formed at the outer peripheral
part of the spark plug housing 4. As shown in FIG. 1, the
mounting screw part 41 of the spark plug housing 4 of the
spark plug 1 1s screwed with a female screw hole 131 formed
in the cylinder head 13 of the internal combustion engine
(not shown) so as to fix the spark plug 1 to the cylinder head
13.

In the situation in which the spark plug 1 1s mounted to the
cylinder head 13 of the mnternal combustion engine, the front
end part of the spark plug 1 i1s exposed to fuel mixture gas
introduced inside the combustion chamber 14 of the internal
combustion engine.

As shown 1n FIG. 2, a housing front end part 42 1s formed
at the front end side of the spark plug housing 4, which 1s
located at a front side of the mounting screw part 41. The
housing front end part 42 has a cylindrical shape projecting
toward the front end side of the spark plug 1.

The housing front end part 42 1s located further towards
the distal end side of the spark plug than the location of the
discharge gap G, 1n the axial direction Z. The inner periph-
eral surface of the mounting screw part 41, and the 1nner
peripheral surface of the housing front end part 42 are
formed to fit with the outer peripheral surface of the 1nsu-
lator 3. The nner peripheral surface of the mounting screw
part 41 and the inner peripheral surface of the housing front
end part 42 face the outer peripheral surface of the isulator
3 with a small gap. The housing front end part 42 1is
connected to the plug cover 5.

As shown 1n FIG. 2, the plug cover 5 1s formed along the
outer surface of the msulator cover 34 of the insulator front
end part 31. In other words, the inner surface of the plug
cover 5 1s covered with the insulator cover 34 of the
insulator front end part 31.

The plug cover 5 has a cup shape in which the front end
part of the plug cover 5 1s closed, and the distal end side of
the plug cover 5 1s open. The plug cover 5 has a circular
shape around the central axis C of the spark plug 1.

As shown 1n FIG. 2, the plug cover 3 has a cylindrical part
51 and a hemispherical part 52. The cylindrical part 51 has
a cylindrical shape parallel to the axial direction Z and 1s
extended toward the front end side from the mounting screw
part 41.

The cylindrical part 51 1s formed along the outer periph-
eral surface of the second part 321 of the insulator front end
part 31. The hemispherical part 52 1s formed along the outer
circumierential surface of the third part 313 of the 1nsulator
front end part 31. The hemispherical part 52 has a hemi-
spherical shape extending or projecting toward the front end
side.

The distal end part of the cylindrical part 51 of the plug
cover 3 1s joined to the housing front end part 42 of the spark
plug housing 4 by welding, etc.

As shown 1n FIG. 2, a maximum thickness of a part of the
third part 313 of the insulator front end part 31 (i.e. a part of
the second part 312 and the third part 313), which faces the
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6

plug cover 5, 1s less than a thickness of the plug cover 5. A
maximum thickness of a part of the insulator front end part
31, which faces the plug cover 3, 1s less than the thickness
of the plug cover 5. This structure makes 1t possible to
reduce a thermal capacity of the insulator front end part 31.

As shown 1 FIG. 2, the plug cover 5 has the plurality of
cover 1njection holes 521, through which the inside of the
plug cover 5 communicates with the outside of the spark
plug 1. Each of the cover injection holes 521 communicates
with the respective insulation imjection holes 313a. The
overall cover 1njection holes 521 are formed to communicate
with the outside of the respective insulation injection holes
313a.

Each of the cover injection holes 521 aliens 1n a straight
line with the central axis of the respective insulation injec-
tion hole 313a. On a cross sectional surface, which 1s
perpendicular to the central axis of each nsulation 1mjection
hole 313q, the cover njection holes 521 and the 1nsulation
injection holes 313a have the same shape.

The ground electrode 2 1s formed standing toward the
distal end part of the spark plug 1 from the 1nside surface of
the plug cover 5.

As shown 1n FIG. 2 and FIG. 3, the ground electrode 2 1s
formed standing at the central part of the plug cover 5
viewed from the front end side of the spark plug 1 in the
axial direction Z. The ground electrode 2 has a cylindrical
shape formed 1n the axial direction Z so that a central axis
of the ground electrode 2 1s equal to the central axis C of the
spark plug 1. It 1s acceptable to form the ground electrode 2
having another shape instead of a cylindrical shape.

As shown 1n FIG. 2 and FIG. 3, the ground electrode 2 1s
inserted into an electrode mounting hole 32 formed in the
third part 313 of the insulator front end part 31 of the
insulator 3. Further, the front part of the ground electrode 2
1s joined to the plug cover 3.

For example, the spark plug housing 4 and the plug cover
5 are made of an electrically conductive material having
thermal conductivity such as 1ron, nickel, nickel 1ron alloy,
stainless, etc. The ground electrode 2 1s electrically con-
ducted to the spark plug housing 4 through the plug cover 5.
The ground electrode 2 faces the central electrode 11
through the discharge gap G 1n the axial direction X of the
spark plug 1.

As shown 1n FIG. 1, the front end part of the central
clectrode 11 1s exposed outside of the mnsulator 3, and the
central electrode 11 1s inserted into and supported by the
axial hole 30 formed at the center part of the spark plug 1.

The central axis of the central electrode 11 1s equal to the
central axis C of the spark plug 1. The discharge gap G 1s
formed between the front end surface of the central electrode
11 and the distal end surface of the ground electrode 2.

As shown 1n FIG. 1, a resistor 15 1s arranged through a
conductive glass seal 17a at the distal end side of the central
clectrode 11 arranged 1n the axial hole 30.

The resistor 15 1s formed by thermally sealing a resist
composition containing carbon powder or ceramic powder
resistance matenals, for example, and glass powder in the
axial hole 30.

It 15 also acceptable to insert a cartridge type resistor 1in the
axial hole 30. The conductive glass seal 17a 1s made of
copper glass obtained by mixing glass and copper powder
together.

A terminal metal fitting 16 1s arranged at the distal end
side of the resistor 15 through a glass seal 176 made of
copper glass, like the glass seal 17a. The terminal metal
fitting 16 1s made of iron alloy, for example. The distal end
part of the terminal metal fitting 16 1s exposed outside from
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the axial hole 30. The spark plug 1 1s electrically connected
to an 1gnition coil (not shown) through the terminal metal
fitting 16.

In the spark plug 1 having the structure previously
described, a fuel mixture in the combustion chamber 14 of
the internal combustion engine (not shown) 1s introduced
into the auxiliary combustion chamber 12 through the cover
injection holes 521 and the insulation 1njection holes 313a.
The introduced fuel mixture 1s 1gnited to generate a flame 1n
the auxiliary combustion chamber 12 when s spark dis-
charge 1s generated in the discharge gap G. The flame
generated 1n the auxiliary combustion chamber 12 1s grown
to generate a flame jet. The flame jet 1s injected into the
combustion chamber 14, located outside of the auxihary
combustion chamber 12, through the cover injection holes
521 and the 1nsulation 1njection holes 313a.

The flame jet 1s expanded in the overall combustion
chamber 14, and a fuel mixture 1n the combustion chamber
14 1s thereby 1gnited. The speak plug 1 1gnites a fuel mixture
in the combustion chamber 14 and a combustion occurs 1n
the combustion chamber 14.

A description will be given of a method of producing the
spark plug 1 according to the first exemplary embodiment
with reference to FIG. 4 and FIG. S.

FI1G. 4 1s a view showing a cross section explaining a step
ol assembling the msulator body 33 supported by the spark
plug housing 4 with the sulator cover 34 together in the
spark plug 1 according to the first exemplary embodiment.
FIG. S 1s a view showing a cross section explaining a step
ol assembling the spark plug housing 4 and the insulator 3
supported by the spark plug housing 4 with the plug cover
5 and the ground electrode 2 1n the spark plug 1 according
to the first exemplary embodiment.

As shown 1n FIG. 4, the msulator body 33 1n the 1nsulator
3 is supported by the spark plug housing 4. As shown 1n FIG.
4 and FIG. 5, the insulator cover 34 1s inserted into the inside
of the spark plug housing 4 from the distal end part (which
1s open) of the spark plug housing 4. The insulator cover 34
and the imnsulator body 33 are assembled together. In this
assembling step, the insulator cover 34 is inserted to the
inside of the spark plug housing 4 while the inner peripheral
surface of the spark plug housing 4 1s fitted with the outer
peripheral surface of the insulator cover 34. This allows the
insulator cover 34 to face the insulator body 33 of the
insulator 3. It 1s acceptable to join the msulator body 33 and
the 1nsulator cover 34 by using an adhesive or by welding,
etc.

As shown 1n FIG. 5, the ground electrode 2 1s joined to the
plug cover 5. The plug cover 5 with the ground electrode 2
1s assembled with the spark plug housing 4 with the insulator
3. In this assembling step, the plug cover 5 with the ground
clectrode 2 1s arranged close to an opening direction of the
plug cover 5, 1.e. the axial direction Z. That 1s, the insulator
front end part 31 of the insulator 3 1s 1nserted into the 1nside
of the plug cover 5, and the ground electrode 2 1s nserted
into the electrode mounting hole 32 formed 1n the third part
313 of the nsulator front end part 31 of the msulator 3. The
opening end part of the plug cover 5 1s joined to the housing
front end part 42 of the spark plug housing 4.

After this, the method of producing the spark plug 1
according to the first exemplary embodiment 1s finished. In
the step of assembling the insulator cover 34 and the
insulator body 33 together, the inner peripheral surface of
the spark plug housing 4 1s used as a guide with which the
spark plug housing 4, the insulator body 33, the insulator
cover 34 are assembled together. This makes 1t possible to
suppress misalignment between the spark plug housing 4,
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the insulator body 33, the insulator cover 34, and to easily
assemble them with high accuracy.

Further, the plug cover 5 1s open in the assembling
direction of the spark plug housing 4 and the plug cover 5,
and the ground electrode 2 1s formed at the assembling
direction. This makes 1t possible to easily assemble the plug
cover 5 with the ground electrode 2, the spark plug housing
4 and the msulator 3 together in the axial direction Z.

A description will now be given of behavior and eflects of
the spark plug 1 according to the first exemplary embodi-
ment.

In the structure of the spark plug 1 according to the first
exemplary embodiment, the insulator 3 has the insulator
front end part 31 which projects from the opening part 300
formed at the front end side of the axial hole 30. The
insulator front end part 31 of the insulator 3 1s formed to
cover the auxiliary combustion chamber 12 from the outer
radial side of the auxiliary combustion chamber 12. This
makes 1t possible for the isulator front end part 31 of the
insulator 3 having low thermal conductivity to cover at least
a part of the auxiliary combustion chamber 12 in the front
end side of the opening part 300 of the axial hole 30. This
structure makes it possible to suppress the flame generated
in the auxiliary combustion chamber 12 from being leaked
to the member forming the auxiliary combustion chamber
12. That 1s, this structure makes it possible to 1improve
ignitability by the spark plug 1.

Further, the isulator front end part 31 of the insulator 3
1s formed on and to cover the inside surface of the plug cover
5. This structure makes it possible to easily suppress the plug
cover 3 from absorbing thermal energy of flame generated 1n
the auxiliary combustion chamber 12 because no flame
generated 1n the auxiliary combustion chamber 12 directly
contacts with the plug cover 5. That 1s, this structure makes
it possible to improve 1gnitability by the spark plug 1.

Further, in the axial direction Z, the insulator front end
part 31 of the mnsulator 3 1s formed up to the front end side
from the location of the discharge gap G. That 1is, the
insulator front end part 31 of the msulator 3 1s formed at the
outer radial side of the discharge gap G 1n the radial direction
of the spark plug 1. This structure makes i1t possible to
prevent thermal energy of flame generated in the auxiliary
combustion chamber 12 from being quickly leaked to the
spark plug housing 4 and the plug cover S even 11 the flame
1s 1n contact with the spark plug housing 4 and the plug cover
5 at an early stage during the generation of flame in the
auxiliary combustion chamber 12. This structure makes it
possible to further improve 1gnitability by the spark plug 1.

Still further, the insulator front end part 31 of the insulator
3 covers the auxiliary combustion chamber 12 from the front
end side there. This makes it possible for the insulator front
end part 31 to cover the wider area of the auxiliary com-
bustion chamber 12. It 1s thereby possible for the structure
of the spark plug 1 to prevent thermal energy of flame
generated 1in the auxihiary combustion chamber 12 from
being leaked to the spark plug housing 4 and the plug cover
5 during the generation of flame 1n the auxiliary combustion
chamber 12. This structure makes 1t possible to further
improve generation of flame in the auxiliary combustion
chamber 12.

The mner peripheral surface 311a 1s formed outwardly
toward the outer radial side of the first part 311 of the
insulator front end part 31 along the front end side of the
spark plug 1. This makes it possible to easily reduce the
surface area of the inner peripheral surface 311a at the distal
end side of the insulator front end part 31. That 1s, this
structure makes it possible to prevent thermal energy of
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flame generated in the auxiliary combustion chamber 12
from being leaked to the insulator front end part 31. It 1s
therefore possible to further improve generation of flame in
the auxiliary combustion chamber 12.

As previously described, the first exemplary embodiment
of the present disclosure provides the spark plug 1 for
internal combustion engines having improved ignitability.
Second Exemplary Embodiment

A description will be given of the spark plug according to
a second exemplary embodiment with reference to FIG. 6 to
FIG. 9.

The second exemplary embodiment provides the spark
plug 1 having a ground electrode 2-1 which 1s different in
structure from the ground electrode 2 1n the spark plug 1
according to the first exemplary embodiment.

FIG. 6 1s a view showing an enlarged cross section around
the front end part of the spark plug 1 according to the second
exemplary embodiment of the present disclosure. FIG. 7 1s
a view showing a cross section of the spark plug 1 along the
line VII-VII shown 1n FIG. 6.

As shown 1n FIG. 6 and FIG. 7, the ground electrode 2-1
projects or stands mnwardly 1n the mner diameter side from
the cylindrical part 51 of the plug cover 3, 1.e. from the
insulator cover 34. The ground electrode 2 has a pillar or
column shape extending or projecting in the radial direction.
In the radial direction, the ground electrode 2-1 1s formed
from the cylindrical part 51 of the plug cover 5 1n the radial
direction to a part projecting from the location of the central
clectrode 11.

As shown 1n FIG. 6, a part of the ground electrode 2-1
taces the front end part of the central electrode 11 in the axial
direction 7 through the discharge gap G. The ground elec-
trode 2-1 has a cylindrical shape, similar to the structure of
the ground electrode 2 1n the spark plug 1 according to the
first exemplary embodiment. The concept of the present
disclosure 1s not limited by this structure. For example, 1t 1s
possible for the ground electrode 2-1 to have a rectangular
pillar shape having a flat surface at the distal end side
thereof, which faces the central electrode 11 in the axial
direction Z of the spark plug 1. This structure reduces wear
of the ground electrode 2-1 by repetition of discharge, and
prevents progress ol abrasion of the ground electrode 2-1.

FIG. 8 1s a view showing an enlarged cross section of the
front end part of the spark plug 2-1, which 1s perpendicular
to the ground electrode 11 1n the spark plug 1 according to
the second exemplary embodiment. FIG. 9 1s a view show-
ing an exploded cross section of the msulator 3 1n the spark
plug 1 according to the second exemplary embodiment.

As shown 1n FIG. 6 to FIG. 9, a boundary part B between
the mnsulator body 33 of the insulator 3 and the insulator
cover 34 1s formed at a central part of the second part 312
of the insulator front end part 31 1n the axial direction Z of
the spark plug. Further, the insulator cover 34 1s composed
ol a part of the second part 312 and the third part 313 of the
of the msulator front end part 31. As shown in FIG. 6 and
FIG. 8, the boundary part B between the insulator body 33
of the msulator 3 and the isulator cover 34 1s formed at the
distal end side of the ground electrode 2-1 i1n the axial
direction Z of the spark plug 1.

As shown 1n FIG. 6, FIG. 8 and FIG. 9, the distal end part
of the mnsulator cover 34

As shown 1n FIG. 6, FIG. 8 and FIG. 9, the distal end part
of the msulator cover 34 has a recess part 35. The recess part
35 1s formed at the distal end side in the circumierential
direction of the insulator cover 34 so that a part of the distal
end side of the isulator cover 34 1s recessed toward the
front end side of the insulator cover 34.
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The ground electrode 2-1 1s inserted into and fitted with
the recess part 35, and the outer peripheral end part of the
ground electrode 2-1 1s connected to the plug cover 5.

The recess part 35 of the msulator cover 34 has a bottom
part which has a shape to be fitted with the ground electrode
2-1. That 1s, when the ground electrode 2-1 has a cylindrical
shape, the bottom part of the recess part 35 has a rounded
shape which 1s fitted with the cylindrical side surface of the
ground electrode 2-1. This structure makes it possible to
suppress generation of a gap between the recess part 35 and
the cylindrical side surface of the ground electrode 2-1, and
to suppress a stress concentrated at the contact area between
the recess part 35 and the cylindrical side surface of the
ground electrode 2-1. In other words, this structure makes 1t
possible to increase mechanical strength of the insulator
cover 34. It 1s acceptable for the recess part 35 to have
another shape, for example to have a rectangular cross
section, 1nstead of a circular cross section.

An opening part of the recess part 35, which faces the
central electrode 11 side, 1s closed when the insulator body
33 and the insulator cover 34 are assembled together.

Instead of forming the recess part 35, it 1s acceptable to
form a penetration through hole 1n the second part 312 of the
insulator front end part 31 in the radial direction of the
insulator 3, and to insert the ground electrode 2-1 into the
penetration through hole.

For example, 1t 1s possible to arrange the ground electrode
2-1 mto the recess part 35 by inserting the ground electrode
2-1 1nto the 1nside of the recess part 35 from the distal end
side 1n the axial direction Z of the msulator cover 34 which
has been 1nserted 1n the plug cover 35.

Further, when the penetration through hole 1s used 1nstead
of the recess part 35, it 1s possible to pass the ground
clectrode 2-1 through the penetration through hole from the
outside of the plug cover 3 after the plug cover 5 1is
assembled to the mnsulator front end part 31 of the insulator
3.

Other components of the spark plug according to the
second exemplary embodiment are the same as those of the
spark plug according to the first exemplary embodiment.
The explanation of the same components 1s omitted here for
brevity. The same components between the first and second
exemplary embodiments are referred to with the same
reference numbers and characters.

The spark plug according to the second exemplary
embodiment has the same behavior and eflects as the spark
plug according to the first exemplary embodiment.

The concept of the present invention 1s not limited by the
second exemplary embodiment previously described. For
example, 1t 1s possible for the second exemplary embodi-
ment to have a first modification and a second modification
as follows.

(First Modification)

A description will now be given of a first modification
with reference to FIG. 10 and FIG. 11.

FIG. 10 1s a view showing an exploded cross section
around the front end part of the spark plug 1 according to the
first modification of the second exemplary embodiment.
FIG. 11 1s a view showing a cross section around the front
end part of the spark plug 1 according to the first modifi-
cation of the second exemplary embodiment.

As shown 1n FIG. 10, the spark plug according to the first
modification has a structure in which the plug cover 5 1s
divided to a first plug cover 5a and a second plug cover 5b
along a formation direction X of the ground electrode 2-1,
to which the ground electrode 2-1 stands.
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This structure allows the spark plug to be easily produced.
That 1s, this structure makes i1t possible to increase the
productivity of the spark plug. The first plug cover 5a 1s
connected to the ground electrode 2-1. On producing the
spark plug 1, the first plug cover 5a i1s connected to the
ground e¢lectrode 2-1. After this, the first plug cover 5a 1s
assembled with the insulator 3 while the ground electrode
2-1 15 1inserted 1nto the recess part 35. The second plug cover
5b 1s further assembled with the insulator 3 from the
opposite to the first plug cover 3a along the formation
direction X of the ground electrode 2-1. Next, the first plug
cover Sa and the second plug cover 56 are joined together
through the facing surfaces thereof. This makes 1t possible to
casily produce the spark plug 1 according to the first
modification of the second exemplary embodiment.
(Second Modification)

A description will now be given of a second modification
with reference to FIG. 12 and FIG. 13.

FIG. 12 1s a view showing an enlarged cross section
around the front end part of the spark plug 1 according to the
second modification of the second exemplary embodiment.

FIG. 13 1s a view showing a cross section of the spark plug
1 along the line XIII-XIII shown in FIG. 12.

As shown 1in FIG. 12 and FIG. 13, the insulator cover 34
has a first recess part 35-1 and a second recess part 35-2
formed at opposition locations in the direction X, for
example. The ground electrode 2-1 1s arranged 1n the first
recess part 35-1 and the second recess part 35-2. That 1s,
both the end parts of the ground electrode 2-1 are connected
to and supported by the cylindrical part 51 of the plug cover
5. This structure makes 1t possible to increase the mechani-
cal strength of the ground electrode 2-1 in the spark plug.
Third Exemplary Embodiment

A description will be given of the spark plug according to
a third exemplary embodiment with reference to FIG. 14 to
FIG. 16.

The third exemplary embodiment provides the spark plug
1 having a structure without the plug cover 5 shown in FIG.
6 and FIG. 7.

FIG. 14 1s a view showing an enlarged cross section
around a front end part of the spark plug 1 according to the
third exemplary embodiment. FIG. 15 1s a view showing the
front end of the spark plug 1 according to the third exem-
plary embodiment. FIG. 16 1s a view showing an exploded
cross section of the insulator in the spark plug 1 according
to the third exemplary embodiment.

As shown 1n FIG. 14, 1n the axial direction Z of the spark
plug 1, the housing front end part 42 1s formed in the area
from the mounting screw part 41 of the spark plug housing
4 to the front end part of the discharge gap G. As shown 1n
FIG. 14 and FIG. 15, the housing front end part 42 has a
cylindrical shape. FIG. 15 shows the housing front end part
42 only.

As shown 1n FIG. 14 and FIG. 15, the housing front end
part 42 1s formed along the outer peripheral surface of the
insulator front end part 31 of the msulator 3. The front end
part of the housing front end part 42 1s open. The third part
313 of the insulator front end part 31 projects from the
housing front end part 42 toward the front end side of the
spark plug 1.

As shown 1n FIG. 14, a boundary part B between the
insulator body 33 of the msulator 3 and the msulator cover
34 1s formed at the front end part 1n the axial direction Z of
the spark plug 1.

As shown 1 FIG. 14 and FIG. 16, the recess part 25 1s
formed 1n the front end part of the isulator body 33. The
recess part 35 1s formed so that a part in the circumierential
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direction of the front end surface of the insulator body 33 is
recessed toward the distal end side of the insulator body 33.

The ground electrode 2-1 1s inserted into and supported by
the recess part 35, and an outer peripheral end part of the
ground electrode 2-1 1s connected to the plug cover 5. The
recess part 35 1s closed by assembling the msulator body 33
with the isulator cover 34.

For example, 1t 1s possible to arrange the ground electrode
2-1 inside the recess part 35 by nserting the ground elec-
trode 2-1 into the recess part 35 from the front end side in
the axial direction Z of the insulator body 33 supported by
the spark plug housing 4.

The other behavior and eflects of the spark plug according,
to the third exemplary embodiment are the same as those of
the spark plug according to the second exemplary embodi-
ment.

It 1s possible to modily the structure of the spark plug
according to the third exemplary embodiment on the basis of
the second modification shown i FIG. 12 and FIG. 13
previously described.

Because the spark plug according to the third exemplary
embodiment has no plug cover 5, this makes 1t possible to
reduce the total number of components 1n the spark plug and
to reduce the total number of production steps and a manu-
facturing cost of the spark plug.

In the axial direction Z of the spark plug 1, the housing
front end part 42 1s formed 1n the area from the mounting
screw part 41 of the spark plug housing 4 to the front end
part of the discharge gap G. As shown 1 FIG. 14, FIG. 15
and FIG. 16, the housing front end part 42 1s formed along
the outer peripheral surface of the insulator front end part 31
of the insulator 3. Because the insulator front end part 31 1s
supported by the housing front end part 42, this structure
makes 1t possible to improve the durability of the insulator
front end part 31 of the insulator 3. Other behavior and
cllects of the spark plug according to the third exemplary
embodiment are the same as those of the spark plug accord-
ing to the second exemplary embodiment.

Fourth Exemplary Embodiment

A description will be given of the spark plug according to
a Tourth exemplary embodiment with reference to FIG. 17.

FIG. 17 1s a view showing an enlarged cross section
around a front end part of the spark plug 1 according to the
fourth exemplary embodiment. As shown 1n FIG. 17, the
spark plug 1 according to the fourth exemplary embodiment
has the plug cover 5-1 which 1s different 1n structure from
the plug cover 5 1n the spark plug 1 according to the first
exemplary embodiment.

In the structure of the spark plug 1 according to the fourth
exemplary embodiment shown in FIG. 17, the front end side
of the insulator front end part 31 of the mnsulator 3 i1s open.
The msulator front end part 31 of the insulator 3 has the first
part 311 and the second part 312, but does not have the third
part 313. On the other hand, the insulator front end part 31
of the msulator 3 has the first part 311, the second part 312
and the third part 313 i1n the spark plug according to the first
exemplary embodiment previously explained.

In the structure of the spark plug 1 according to the fourth
exemplary embodiment shown 1n FIG. 17, the front end part
of the msulator front end part 31 1s formed up to the area 1n
front of the discharge gap G 1n the axial direction Z of the
spark plug 1.

The front end part of the insulator front end part 31, 1.¢.
the front end part of the second part 312 has a slope surface
312a which 1s inwardly sloped toward the axial direction Z.
The insulator 3 1s made of a single member which 1s not an
assembled member composed of a plurality of members.




US 10,811,850 B2

13

The housing front end part 42 of the spark plug housing
4 has a cylindrical shape formed along the outer peripheral
surface of the mnsulator front end part 31 of the msulator 3.
In the axial direction Z, the front end of the housing front
end part 42 and the front end part of the insulator front end
part 31 of the msulator 3 are aligned together. A front end
surface 421 of the housing front end part 42 has a ring shape
formed on a surface which i1s perpendicular to the axial
direction Z.

The plug cover 5 covers the front end surface 421 of the
housing front end part 42 and the slope surface 3124 of the
insulator front end part 31 of the isulator 3. In the structure
of the spark plug according to the fourth exemplary embodi-
ment, the auxiliary combustion chamber 12 1s formed by the
insulator front end part 31 of the insulator 3 and the plug
cover 3.

The plug cover 5 has a hemispherical shape extending or
protruding toward the front end side thereof in the axial
direction Z of the spark plug 1. The distal end surface of the
plug cover 5 has a first distal end surface 53 and a second
distal end surface 54. The first distal end surface 33 1is
arranged facing the front end surface 421 of the housing
front end part 42. The second distal end surface 54 1is
arranged facing the slope surface 312a of the insulator front
end part 31 of the isulator 3.

The first distal end surface 53 1s arranged parallel to the
front end surface 421 of the housing front end part 42. The
second distal end surface 54 1s arranged parallel to the slope
surface 312a of the insulator front end part 31 of the
insulator 3. The first distal end surface 33 1s joined to the
front end surface 421 of the housing front end part 42.

The second distal end surface 54 1s arranged 1n contact
with the slope surface 312a of the insulator front end part 31
through a thermal transfer member 6. This structure allows
the second distal end surface 54 to be thermally in contact
with the spark plug housing 6 through the thermal transier
member 6.

Similar to the structure of the spark plug 1 according to
the first exemplary embodiment, it 1s possible to use the
spark plug housing 4 and the plug cover 5 made of an
clectrically conductive material having thermal conductivity
such as 1ron, nickel, nickel iron alloy, stainless, etc.

The thermal transfer member 6 has a thermal conductivity
which 1s more than the thermal conductivity of the spark
plug housing 4 and the plug cover 5. For example, the
thermal transier member 6 1s made of copper.

The thermal transter member 6 1s closely attached to the
overall circumierential surface of the slope surface 312a of
the insulator front end part 31 of the insulator 3 and the
overall circumierential surface of the second distal end
surface 54 of the plug cover 5.

The insulator front end part 31 of the isulator 3 1s
thermally 1n contact with the spark plug housing 4 through
the thermal transfer member 6 and the plug cover 5. Other
components of the spark plug 1 according to the fourth
exemplary embodiment are the same as those of the spark
plug according to the first exemplary embodiment.

In the structure of the spark plug 1 according to the fourth
exemplary embodiment shown 1n FIG. 17, the insulator front
end part 31 of the msulator 3 1s thermally 1n contact with the
spark plug housing 4 through the thermal transter member 6
having a high thermal conductivity which i1s higher than the
thermal conductivity of the spark plug housing 4 and the
plug cover 5, that 1s, which 1s more than the thermal
conductivity of the spark plug housing 4 and the plug
cover 5.
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This structure makes 1t possible to promote thermal
transier from the msulator front end part 31 of the 1nsulator
3 to the spark plug housing 4. For example, this structure
makes 1t possible to prevent occurrence of pre-ignition when
the auxiliary combustion chamber 12 becomes at a high
temperature even 1f an mternal combustion engine 15 oper-
ating at a high load, etc.

The other behavior and effects of the spark plug 1
according to the fourth exemplary embodiment are the same
as those of the spark plug according to the first exemplary
embodiment.

The concept of the present disclosure 1s not limited by the
disclosure of the first to fourth exemplary embodiments
previously described. For example, 1t 1s possible for the
spark plug to have various modifications within the scope of
the present disclosure.

For example, 1n the structure of the spark plug according
to the first to third exemplary embodiments, it 1s possible to
change the location of the boundary part between the
insulator body 33 of the msulator 3 and the msulator cover
34. It 1s also acceptable to form a plurality of boundary parts
in the axial direction Z between the insulator body 33 of the
insulator 3 and the 1sulator cover 34.

In the structure of the spark plug according to the first to
third exemplary embodiments, the mnsulator 3 1s composed
of a plurality of members (i.e. composed of the insulator
body 33 and the msulator cover 34). However, the concept
ol the present disclosure 1s not limited by this structure. For
example, 1t 1s possible to use the insulator 3 made of a single
material. In the structure of the spark plug according to the
fourth exemplary embodiment, the insulator front end part
31 of the insulator 3 1s composed of a single member.
However, 1t 1s acceptable for the insulator 3 to have the
insulator front end part 31 composed of a plurality of parts
divided 1n the axial direction Z of the spark plug 1.

In the structure of the spark plug according to the fourth
exemplary embodiment, the thermal transfer member 6 is
arranged between the insulator front end part 31 of the
insulator 3 and the plug cover 5. However, the concept of the
present disclosure 1s not limited by this structure. For
example, 1t 1s possible to arrange the thermal transfer
member 6 1n the radial direction of the spark plug between
the insulator front end part 31 of the insulator 3 and the spark
plug housing 4.

In the structure of the spark plug according to each of the
first to fourth exemplary embodiments, it 1s acceptable to use
the msulator front end part 31 composed of a plurality of
parts arranged 1n the axial direction Z of the spark plug, and
to assemble the plurality of parts of the insulator front end
part 31 together.

In the structure of the spark plug according to each of the
first to fourth exemplary embodiments, the nsulator front
end part 31 of the insulator 3 covers the overall outer
peripheral area of the auxiliary combustion chamber 12.
However, the concept of the present disclosure 1s not limited
by this structure. For example, 1t 1s possible for the insulator
front end part 31 to cover a part of the outer peripheral area
of the auxiliary combustion chamber 12 at a part of the outer
circumierential direction when the auxiliary combustion
chamber 12 i1s formed at the spark plug housing 4 and the
plug cover 3.

As previously described in detail, the spark plug accord-
ing to the present disclosure has the improved structure. That
1s, the msulator has the insulator front end part. The insulator
front end part projects from the opening part formed at the
front end side of the axial hole. The nsulator front end part
of the 1nsulator 1s formed to cover the auxiliary combustion




US 10,811,850 B2

15

chamber from the outer radial side of the auxiliary combus-
tion chamber. This structure makes i1t possible for the
insulator front end part of the mnsulator having low thermal
conductivity to cover at least a part of the auxiliary com-

bustion chamber 1n the front end side of the opening part of 5

the axial hole. This structure makes 1t possible to suppress
the flame generated in the auxiliary combustion chamber
from being leaked to the member forming the auxiliary
combustion chamber. That 1s, this structure makes it possible
to easily improve 1gnitability by the spark plug. As previ-
ously described in detail, the present disclosure provides the
spark plug having improved 1gnitability.

While specific embodiments of the present disclosure
have been described 1n detail, 1t will be appreciated by those
skilled 1n the art that various modifications and alternatives
to those details could be developed 1n light of the overall
teachings of the disclosure. Accordingly, the particular
arrangements disclosed are meant to be 1llustrative only and
not limited to the scope of the present disclosure which 1s to
be given the full breadth of the following claims and all
equivalents thereof.

What 1s claimed 1s:

1. A spark plug for internal combustion engines, wherein
the spark plug has a central axis along which an axial
direction 1s provided and around which a circumierential
direction 1s provided, and 1s provided with a front end 1n the
axial direction, the spark plug comprising:

a central electrode;

a ground electrode, wherein a discharge gap 1s formed
between the central electrode and the ground electrode
in an auxiliary combustion chamber;

an nsulator having a cylindrical shape comprising an
axial hole and an insulator front part, the axial hole
being formed through the insulator 1n the axial direc-
tion, and the central electrode being arranged and
supported 1n the axial hole; and

the insulator front part 1) providing the auxiliary combus-
tion chamber therein, 11) being configured to surround
the auxiliary combustion chamber in a whole peripheral
thereol 1n the circumierential direction, and 111) pro-
jecting further towards the front end than the discharge
gap 1s 1n the axial direction, the front end being located
in a combustion chamber of an internal combustion
engine.

2. The spark plug according to claim 1, further compris-

ng:

a spark plug housing having a cylindrical shape 1n which
the 1nsulator 1s supported and a front end part; and

a plug cover fixed to the front end part of the spark plug
housing and configured with an mner surface, the plug
cover being configured to form the auxiliary combus-
tion chamber,

wherein the insulator front part 1s formed to cover the
inner surface of the plug cover.

3. The spark plug according to claim 2, wherein

the msulator front part is configured to cover, from the
front end, the auxiliary combustion chamber.

4. The spark plug according to claim 3, wherein

the insulator front part has an mner peripheral surface
extending radially toward an outer radial side and away
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from the central axis, as the insulator front part extends
towards the front end 1n the axial direction.
5. The spark plug according to claim 2, wherein
the 1nsulator front part 1s thermally 1n contact with the
spark plug housing through a thermal transfer member
having thermal conductivity which 1s higher than ther-
mal conductivity of the spark plug housing.
6. The spark plug according to claim 2, wherein
the insulator front part has an inner peripheral surface
formed further towards an outer radial side and away
from the central axis, as the insulator front part extends
towards the front end 1n the axial direction.
7. The spark plug according to claim 1, wherein
the insulator front part 1s configured to cover, from the
front end, the auxiliary combustion chamber.
8. The spark plug according to claim 7, further compris-
ng:
a spark plug housing having a cylindrical shape 1n which
the 1nsulator 1s supported, wherein
the 1nsulator front part 1s thermally 1n contact with the
spark plug housing through a thermal transfer member
having thermal conductivity which 1s higher than ther-
mal conductivity of the spark plug housing.
9. The spark plug according to claim 7, wherein
the insulator front part has an inner peripheral surface
formed further towards an outer radial side and away
from the central axis, as the insulator front part extends
towards the front end 1n the axial direction.
10. The spark plug according to claim 1, further compris-
12,
a spark plug housing having a cylindrical shape 1n which
the mnsulator 1s supported, wherein
the 1nsulator front part 1s thermally 1n contact with the
spark plug housing through a thermal transfer member
having thermal conductivity which 1s higher than ther-
mal conductivity of the spark plug housing.
11. The spark plug according to claim 1, wherein
the insulator front part has an inner peripheral surface
formed further towards an outer radial side and away
from the central axis, as the insulator front part extends
towards the front end 1n the axial direction.
12. The spark plug according to claim 11, further com-
prising;
a spark plug housing having a cylindrical shape 1n which
the nsulator 1s supported, wherein
the 1nsulator front part 1s thermally 1n contact with the
spark plug housing through a thermal transfer member
having thermal conductivity which 1s higher than ther-
mal conductivity of the spark plug housing.
13. The spark plug according to claim 1, wherein:
the msulator front part 1s projected toward the front end
and 1s closed at the front end so as to form a front end
portion at the front end; and
the front end portion 1s provided with a mounting hole
through which the ground electrode 1s built into the
auxiliary combustion chamber and an 1nsulator injec-
tion hole communicating between the auxiliary com-
bustion chamber of the spark plug and the combustion
chamber of the internal combustion engine.
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